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INTRODUCTION. 
While testing the sensitiveness of a number of dogs which had been 
treated with horse serum some years previously, and employing heavy 
doses  of horse  serum  for  the  reinjections, it  was  observed  that  a 
peculiar edema developed at the site of the operation wound in the 
inguinal region.  This edema was noted about 2 days after the test 
and  formed a  fairly extensive, thick, brawny mass of tissue;  there 
was no discharge from the wound.  In order to explain this peculiar 
type of edema, I  assumed that the local reaction was anaphylacfic 
and was produced in the following fashion.  In these dogs a  foreign 
protein (horse serum) was circulating, due to the reinjection, and there- 
fore a  certain amount of this protein ought to pass into the tissues 
adjoining the wound during the development of the ordinary wound 
edema which always follows an operation.  Moreover, the amount of 
foreign protein  acting locally would be increased by  the oozing of 
blood, serum, plasma,  and lymph into the wound from the severed 
blood and lymphatic capillary channels, all of which contain the anti- 
gen.  As  the dogs were sensitized  to  this  foreign protein,  the skin 
and adjoining tissues would also be sensitized and could respond by 
an  anaphylactic reaction to  this  local autoinoculation of the horse 
serum. 
Since this working hypothesis of local autoinoculation could readily 
be utilized to explain functional changes in any tissue capable of react- 
* A preliminary note appeared in the Proc. Soc. Exp. Biol. and Med., 1919-20, 
xvii, 93. 
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ing anaphylacfically,  and since its  validity could easily be tested  ex- 
perimentally,  and  since  in  addition  the  conception  was  new,  as  far 
as I  was  aware,  a  number  of series  of experiments  were  carried  out 
to determine its viability. 
EXPERIMENTAL. 
Method. 
The first tests were made in dogs which were sensitized by the subcutaneous 
injection of horse serum and then reinjected intravenously after an interval of 
4 weeks.  At the time of reinjection a  deep incision through the skin was made 
under ether anesthesia with antiseptic precautions, then sutured, bandaged, and 
the process of healing observed.  Although the results were encouraging, it early 
became evident  that practical  considerations made  the dog an unsuitable  test 
object.  For  this reason  the rabbit  was finally selected,  and  after  preliminary 
tests the skin was again chosen as indicator organ of the reaction.  The specific 
site was the ear, because this could be examined with the maximum of ease and 
the minimum of discomfort for the animal 
The rabbits were sensitized by four injections of 4 cc. of horse serum at 4 to 5 
day intervals.  Two injections  were given into  the  erector  spin~e muscles and 
two into the peritoneal cavity.  After an incubation period of 15 to 21 days they 
were reinjected  with  10 cc.  of horse  serum,  usually intraperitoneally.  In one 
series half the reinjection dose was given into the erector spin~e muscles and half 
into the peritoneal  cavity.  The intravenous route for reinjection was not em- 
ployed because a test showed a large number of fatalities in the sensitized  group. 
Thus in Series 2 four out of six sensitized rabbits died in 2 to 15 minutes after the 
intravenous injection of 5 cc. of horse serum, which made this series valueless. 
The initial local damage to provoke a local edema and inflammation was pro- 
duced by painting the external surface of the ear with 1 cc. of xylol and rubbing 
it gently for 15, 20, or 30 seconds, the time interval depending upon the series. 
This skin irritant causes a marked temporary flushing of the ear vessels which is 
followed by a mild inflammation and edema of varying degree.  It will be noticed 
that this skin irritant was used to bring about the same condition as the skin in- 
cision in dogs, the production of a  certain  degree of inflammation and exudate 
into the tissues.  In Series  1 a chemically pure o-xylol (Kahlbaum)t was used; in 
the  others a  commercial xylol (Merck)  was employed 
Commercial xylol was chosen for the later series  because the  chemicaliy pure 
isomers were available only in smaU amounts and also because the commercial 
t I  am indebted  to Dr.  W. A. Jacobs for supplying me with  some of Kahl- 
baum's o-, m-, and p-xylol.  It may be mentioned that o-xylol is more effective 
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product seemed to be more effective in producing a local edema.  Since the com- 
mercial product varies in its percentage composition of o-, m-, and p-xylol, and 
since  it  probably also  contains  various  impurities,  commercial xylol  (Merck) 
from the same container was used throughout the subsequent series. 
The same dose of 1 cc. of xylol was given to all rabbits and was always measured 
by the same pipette. 
The xylol was usually applied to the skin 30 to 45 minutes after the reinjec- 
tion of horse serum; in one series the interval was 3 hours.  These intervals were 
allowed to pass in order to permit the absorption of a  certain amount of horse 
serum, so that any edema developing after the xylol application would contain 
some of it. 
The rubbing of the ear was always gentle and was done with a finger covered 
by a rubber cot,  As the ear had to be held during the rubbing, some of the xylol 
always moistened the finger on the inner surface of the ear.  To a certain extent, 
therefore, xylol was applied to the outer and inner ear surfaces, though by far the 
most was received by the external surface.  The time during which the ear was 
rubbed was always controlled by a  clock (15, 20, or 30 seconds, depending upon 
the series). 
For each sensitized and reinjected rabbit at least two different control experi- 
ments were carried out at the same time.  In one series of controls the normal 
rabbits received 10 cc. of horse serum intraperitoneaUy 30 to 45 minutes before 
treating the ear with xylol (serum controls).  In the second series of controls no 
horse serum was administered, and  the only interference was painting the ear 
with xylol (ordinary controls).  In a third group of controls the rabbits were sen- 
sitized with horse serum, and after the incubation period they were not reinjected, 
but xylol was applied to the ear (sensitized controls).  In general each series of 
experiments consisted of 18 rabbits:  6 sensitized and  reinjected; 6 horse serum 
controls; and  6  normal controls. 
The horse serum  2 employed was always at least 4 months old~  In the earlier 
series the serum was sterile and without any preservative; in later series the serum 
contained chloroform.  When chloroform was present this was driven off by float- 
ing a sterile evaporating dish containing the serum in a dish of warm water.  As 
far as possible the same lot of serum was used for sensitizing and reinjection. 
The injections were always made with a sterile syringe, and the site of puncture 
was prepared by cutting the hair and treating the area with dilute tincture of iodine. 
All the rabbits were examined first at 2 to 4  hour intervals; then daily; later 
at 2 to 3 day intervals.  The entire period of examination lasted about 2 weeks 
when no reaction was obtained; if a  reaction took place the examinations were 
usually continued for 3 or 4 weeks. 
Most of the rabbits employed were males; when females had to be used the 
same number of females was added to each group in a  series.  All were kept in 
The horse serum was obtained from  the  New  York  City Board of Health 
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individual cages.  The weight fluctuated between 1,400 and 2,000 gin.  The diet 
consisted of oats, hay, cabbage, and turnips; occasionally carrots were available. 
The ordinary gray variety formed the majority;  no white rabbits were used be- 
cause they could not be obtained in sufficient numbers.  As far as possible young 
adult animals were employed; very young rabbits were never used. 
Results. 
Before describing  the  experimental  results  more  fully,  it  may  be 
stated at once that the work strongly supports the working hypothe- 
sis  upon  which  ti~e investigation  is  based.  Thus  in  three  series  of 
experiments, totalling 53 animals,  the xylol-treated ears of 36 controls 
showed no dermatitis with blisters and crust formation; nor were hem- 
orrhages  and  gangrene  observed  except  in  one  and  two  instances 
respectively.  In  the  latter  instances  the  loss  of substance  did  not 
exceed 0.5 ram.  of the ear tip.  The ears of these controls were prac- 
tically normal 3 to 4 days after the xylol application. 
The picture was, however, quite different in the sensitized and re- 
injected groups.  Out of seventeen rabbits,  ten  developed an exfoli- 
afive dermatitis  a  few days after the xylol treatment.  The  blisters 
and crusts covered one-third  to one-half of the ear surfaces, involved 
the  deeper tissues,  and  always led to dry gangrene  in these particu- 
lar animals.  The gangrene  caused a  loss of ear substance at the tip, 
varying  from  1  to  3  cm.  Healing  was  slow,  but  usually  complete 
in 3 to 4 weeks.  The ear stumps were at first bald, with a glistening, 
thin skin; later a new growth of white hair appeared (Figs.  1 to 3). 
The ear changes may now be considered more in detail.  When  1 
cc. of o-xylol or commercial xylol is applied to  the  hairy surface of the 
rabbit's ear and then gently rubbed for 15 or 30 seconds, a marked dila- 
tation of the blood vessels is usually produced fairly promptly.  This 
flushing of the ear lasts longer than 10 minutes, but has usually disap- 
peared after 45 minutes.  At this time the ear generally presents a faint 
pink flush and the vessels are narrow.  After 3 to 6 hours a fair to mod- 
erate  edema appears  in a majority, but not in  all  of the treated ears 
in the two control groups.  Within 48 hours the edema in these two 
groups  has  practically  disappeared  in  most  animals,  and  in  3  days 
the treated ears are largely normal,  if we exclude a  slight desquama- 
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mented hair,  and a tendency of the ear arteries to flush more readily 
and more strongly than in the untreated ear  (Table I). 
TABLE  I. 
Onset and Course of Edema in Series 1, 3, and 4. 
Sensitized and reinjected  Horse serum controls  Ordinary controls 
Time.  rabbits (17).  (18 rabbits).  (18 rabbits). 
kT$. 
3-6 
22-27 
48 
72 
120 
No or slight edema,  14. 
Slight to fair edema,  3. 
No or slight edema,  10. 
Fair to moderate 
edema,  1. 
Moderate to marked 
edema,  6. 
No or slight edema,  11. 
Fair to moderate 
edema,  3. 
Marked edema,  3. 
No or slight edema, i1. 
Moderate edema,  2. 
Marked edema,  3 
(1 died). 
No or slight edema,  13. 
Mazked edema,  3. 
No or slight edema,  5. 
Fair to moderate 
edema,  13. 
No or slight edema,  11. 
Fair to moderate 
edema, 6 (1 died). 
No or slight edema,  14. 
Fair edema,  2. 
Moderate edema,  1. 
No or slight edema,  16. 
Slight to fair edema, 1. 
No or slight edema,  14. 
Marked edema,*  3. 
No or slight edema,  7. 
Fair to moderate 
edema,  11. 
Slight  edema,  16. 
Moderate  "  1. 
Marked  "  1. 
No or slight edema,  16. 
Fair edema,  1. 
Moderate edema,  1. 
No or slight edema, 16. 
Fair edema,  2. 
No or slight edema,  18. 
* This recurrent edema practically disappeared  the next day and did not re- 
occur.  See text for details. 
When the xylol edema has disappeared there is usually no recurrence of it. 
Only three  exceptions were  noted  in  the  large number of  controls, and  they 
occurred  in  the  horse  serum  control group  of  Series  1.  These  three rabbits 
had received horse serum for the first time about 45 m~nutes before the ear had 
been treated with o-xylol (Kahlbaum).  A fair edema developed and disappeared 
after 48 hours.  On the 3rd day none of them showed any edema (Table I).  On 
the 5th day (no observation made on the 4th)  all three showed a  strong edema 
which was more marked than that seen previously.  The next day (6th), however, 
the edema had practically disappeared in all, and no further edema was noted 
during the next 9 days, when observations were discontinued.  No exudate ae- 432  LOCAL  AUTOINOCULATION 
companied this recurrent edema, nor did any gangrene take place.  One of these 
rabbits  also  showed  numerous  small  discrete  hemorrhages  scattered  on  the 
central portion of the upper  dorsal half of the ear. 
No blisters or crusts were observed in the great  majority of  both 
control  groups.  In the large number of controls only two cases were 
seen.  These  two  animals  belonged  to  the  ordinary  controls  of 
Group  3  and  had  therefore  never  been  subjected  to  any  serum 
action.  The  exudate which  they showed was very  slight,  occupied 
the  extreme  tip of the ear,  and  the  subsequent dry gangrene  of  the 
TABLE  II. 
Dry Gangrene of the Ear Tip. 
Series No.  Sensitized and re~,jected:-':  Horse  serum controls.  Ordinary  controls. 
rabbits. 
Series 1 
(o-xylol). 
Series 3t 
(commercial xylol). 
Series 4 
(commercial xylol). 
Gangrene,  4.* 
No gangrene, 2. 
Gangrene,  3. 
No gangrene, 2. 
Gangrene,  3. 
No gangrene, 3. 
Gangrene,  0. 
No gangrene, 6. 
Gangrene,  0. 
No gangrene, 6. 
Gangrene,  0. 
No gangrene, 5 
(1 died). 
Gangrene,  0. 
No gangrene, 6. 
Gangrene,  2.~ 
No gangrene, 4. 
Gangrene,  0. 
No gangrene, 6. 
* The loss of substance in all three groups varied from 10 to 30 mm. 
t  Series 2 was lost through death of most of the sensitized group due to intra- 
venous reinjection. 
:~ The loss of substance  was less than  1 mm. of the ear tip. 
tip  was less  than  1  mm.  (Table  II).  The  bald  tip  of  these  ears 
later grew a  small tuft of unpigmented, white hair. 
In the sensitized and reinjected series of rabbits the application of 
xylol to  the  ear produces in  general  the  same immediate  effects as 
those noted for the control group, except that the flushing of the ear 
vessels at times is not quite so prompt in the animals tested 30 to 45 
minutes after the horse serum injection; in Series 5, however, in which 
3 hours passed before the xylol was applied to the ear, all ten rabbits 
showed a prompt and strong initial vasodilatafion.  A similar prompt 
initial  flushing  after  xylol  was  also  obtained  in  the  group  of  four JOHN Atom  433 
animals which were sensitized but not reinjected.  The development 
of the pink diffuse blush which preceded the appearance of a definite 
edema was  delayed in  the reinjected series as well as in the horse 
serum controls of Series 3 and 4; in Series 1, however, all the rabbits, 
both the reinjected as well as the two control groups, showed a  dif- 
fuse pinkness 2~ hours after the xylol application. 
A  difference between the reinjected groups and the control groups 
of  all  the series was shown in the development, degree, and  persis- 
tence of the edema called forth by the xylol.  Table  I  summarizes 
these variations.  From this table it will be seen that the edema in 
some  rabbits  of  the  sensitized  reinjected  groups  developed  more 
slowly, persisted longer, and reached a  greater degree than in either 
of  the  control  groups.  The  table  also  indicates  that  a  somewhat 
larger percentage of the sensitized reinjected group apparently never 
passed beyond a  slight degree of edema than in either of the control 
groups. 
The most striking difference, however, between the sensitized re- 
injected groups and the control groups was exhibited in the develop- 
ment of blisters, crusts, and dry gangrene in  the  xylol-treated ears 
(Figs.  1,  2,  and 3).  These lesions occurred practically only in  the 
sensitized reinjected groups, and in them ten out of seventeen rabbits 
showed extensive lesions.  In the control groups, on the other hand, 
only  two  rabbits  out  of thirty-five (serum controls Jr ordinary con- 
trols) showed a slight crust formation at the ear tip which was followed 
by a  minimal loss of tissue  (Table II). 
The blisters usually were observed in 24 to 48 hours;~n one instance 
only was a  bleb seen 6 hours after the xylol application.  In typical 
cases the blisters appear first on the internal surface of the ear along 
the medial or lateral border.  On the external surface usually a  dry 
I 
brownish black crust is first seen.  The blisters appear in crops, vary- 
ing in  size  from 2  to  4  mm. in  diameter; in  one instance  a  single 
large, thick walled blister 20 by 12 mm. occurred at the tip of an ear. 
The walls of the blisters are usually  fairly  thin and the blisters are at first 
filled with a yellowish fluid which late~ turns brown and forms a brown- 
ish black crust on drying.  Some of the blisters also contained blood. 
In some instances no blisters were seen but exudate and soft crusts 
were the  first  alteration  noticed.  Thus  extensive soft  crusts  were 434  LOCAL  AUTOINOCULATION" 
occasionally seen for the first time 5 days after the xylol application. 
These  crusts  may  be  extensive  and  approximately  one-half  of  the 
ear  may  be  covered  with  them.  Along  the  borders of  the ear  the 
crusts always extend farther  towards the root than  along the middle 
of the ear.  Removal of some crusts showed that the entire skin was 
involved, for a  raw bleeding surface was left exposed (Fig.  2). 
Within 3 to 5 days the upper portion of the ear began to fold and 
curl slightly, and in 7 to 10 days the tip of the ear was black, dry, and 
hard.  Separation  of the  gangrenous  portion  took place  slowly and 
usually occurred  11  to  14 days after the xylol application,  at which 
time the process was hastened mechanically.  The loss of substance 
varied in the three series under discussion from  10 to 30 ram.  of the 
tip  of the  ear  (Figs.  1,  2,  and  3).  The  loss of substance  along  the 
lateral border was well shown by the fact that the marginal  ear vein 
formed part  of the gangrenous  area or now appeared within a  milli- 
meter or less of the edge of the ear for a portion of its course. 
Removal of the  dry gangrenous  tip  and  crusts left the upper  ear 
practically bald; the skin was thin and glistening with a  few raw and 
slightly bleeding surfaces; the borders were thickened,  nodular,  with 
some tongue-like projections.  The entire upper  ear  was moderately 
edematous, of a diffuse bluish pink color, and  the vessels were moder- 
ately blurred on transillumination,  probably due to the edema of the 
surrounding  tissues.  Healing was usually complete in 3 to 4 weeks. 
After 2 weeks the surface of the ear stump gradually became covered 
with hair, but the new growth of hair was entirely devoid of pigment. 
This white hair has now persisted without any change  for more  than 
5  months in two typical cases which were allowed to survive. 
No  effort was made  to  follow the  histological  changes  of the  ear 
lesions at various stages of their development because this would have 
entailed the loss of too many animals and at present it was considered 
more important  to observe the gross changes. 
One more difference remains to be noted,  the occurrence of numerous small 
discrete hemorrhages on the dorsal surface of the xylol-treated ears of sensitized 
reinjected  rabbits.  The fact that the presence of numerous small hemorrhages 
is being considered should be emphasized at once, for the appearance of an occa- 
sional small hemorrhagic spot or two is not infrequent in the ears of apparently 
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:in the sensitized reinjected rabbits of Series 1 in which four out of six rabbits ex- 
hibited them.  Among  the twelve controls of this series only one animal, a serum 
control, developed similar hemorrhages.  In Series 3 onl~ one  animal  showed 
these hemorrhages,  and it was a member of the sensitized reinjected group; the 
twelve controls showed  no hemorrhages.  In Series 4 only two rabbits developed 
petechi~e of the ear, and they again belonged to the sensitized reinjected group; 
in  this  series also the twelve controls showed no hemorrhages.  To  sum up, 
therefore, petechial hemorrhages occurred in seven out of seventeen sensitized 
and reinjected rabbits, but only once in thirty-six controls; they were especially 
frequent in Series 1 (four  out of six) and infrequent in Series 3 and 4 (one or two 
out of six).  This difference  in frequency of occurrence  in the three series is pos- 
sibly related to the fact that in Series 1 chemically pure o-xylol (Kahlbaum) 
was employed,  while in Series 3 and 4 commercial  xylol (Merck) was used. 
Supplementary Experiments. 
Three other series of experiments were carried out for reasons which 
will be considered later.  In the first of these, Series 5,  the effect of 
allowing 3 hours to elapse between the injection of horse serum and 
the application of xylol was investigated.  This series  was composed 
of ten rabbits all of which had been sensitized, but not to the  same 
degree.  The number of sensitizing doses  given were  as  follows:  6 
injections, 2 rabbits; 2 injections, 3 rabbits; and 1 injection, S rabbits. 
All these animals had been used previously; two had been members 
of  a  sensitized reinjected group  and  the  other  eight had  served  as 
serum controls.  21  days had passed since the last serum injection 
and the last xylol application.  On the day of the test each rabbit 
received 10 cc. of horse serum intraperitoneaUy; after 3 hours, none 
of them having shown any signs of collapse, the left ear was treated 
with 1 cc. of commercial xylol and gently rubbed for 15 seconds.  It 
should be added that the left ear had not been subjected to the action 
of xylol in previous tests. 
Since these animals form three groups of varying degree of sensi- 
tization, it is perhaps of little value to compare them in detail with 
the series previously described, which again have another degree of 
sensitiveness.  The main point is that one rabbit in each set, that is, 
three rabbits in all, developed a marked exudate and crust formation 
on the xylol-treated ear.,  These crusts were first noted in one rabbit 
on the 4th day and in the other two rabbits on the 7th day (no obser- 436  LOCAL  AUTOINOCULATION 
rations  unfortunately were  made  between  the  4th  and  7th  days). 
The crusts involved both ear surfaces, varied in extent from 2  to 5 
cm., and were in all respects apparently similar to those observed in 
Series 1, 3,  and 4.  The resultant gangrene, however, was much less 
than that observed in the earlier experiments; one rabbit lost 6 ram. 
of the ear tip, and the other two suffered but a slight loss of ear tissue. 
In the last two cases the bald ear tip was bluish, puckered, and con- 
siderably thickened, in one instance to 3 ram.  About 3 weeks after 
the application of the xylol, and 2 weeks after the removal of the crusts, 
the bald ear tips showed a new growth of white hair. 
For the sake of completeness  it may be added that after 6 hours the edema pro- 
duced by the xylol application was only slight in seven rabbits and between slight 
and fair in three.  In the latter three rabbit.s, the ear later developed blisters, 
exudate, and crusts as described above.  After 48 hours the edema had disap- 
peared in practically all.  These  rabbits, therefore, as far as delayed onset of the 
edema and development of a severe dermatitis were concerne~i,  resemble the sensi- 
tized reinjected groups of previous series; they differ, however, from the latter 
in the relatively short duration of the edema which was produced. 
The same animals, with the exception of one which was killed, were 
again used 22 days later in order to test the effect of xylol on the ears 
of sensitized but not reinjected rabbits.  The rabbits therefore were 
only subjected to the action of 1 cc. of commercial xylol applied to 
the same ear which had served in the previous test; the ear was then 
gently rubbed for 15  seconds.  An edema was noticed after 2 hours 
which increased moderately after 6 hours and practically disappeared 
after 24 hours.  No blisters, crusts, hemorrhages, or gangrene of any 
degree were observed during the next 13  days, at the end of which 
time the animals were discarded.  It will be observed that this group 
of sensitized but not reinjected rabbits behaved like ordinary normal 
control rabbits. 
In order to verify still  further the action of xylol upon sensitized 
but not relnjected rabbits, five normal animals were each sensitized 
by four subcutaneous injections of 1 cc. of horse serum, at 3 to 6 day 
intervals.  When 21  days had elapsed after the last serum injection 
the left ears of  the  four survivors  3 were  treated  with 1 cc. of  corn- 
8 One rabbit died during the process of sensitization. jo~  Alr£R  437 
merdal xylol, and then lightly rubbed for 15  seconds.  All the ears 
flushed promptly and strongly on application  of the xylol; after 12 
hours all showed a  fair to moderate edema which increased up to 6 
hours after the xylol treatment.  22  hours  afterwards the edema in 
all  had  decreased, and in  48  hours  it  had practically disappeared. 
These rabbits were examined daily for 14 days and at no time were 
any hemorrhages, blisters, or crusts seen.  In  this  group  again  the 
sensitized but not reinjected rabbits had behaved like the ordinary 
control groups: 
DISCUSSION. 
It has been clearly demonstrated above that a  mild skin irritant, 
such  as  xylol, produces strikingly different effects when applied  to 
the ears of control rabbits or to the ears of rabbits previously sensi- 
tized and reinjected with horse serum.  In normal as well as in serum 
control animals or rabbits which have been sensitized but not rein- 
jected, the xylol produces only a moderate inflammation with edema, 
and no blistering or obvious gangrene results.  In sensitized and re- 
injected rabbits,  on the other hand, xylol exhibits in  a  majority of 
the rabbits a marked blistering effect, followed by heavy crust forma- 
tion  and  tissue  destruction;  the tissue  destruction often leads to  a 
dry gangrene involving several centimeters of the ear tip.  It is thus 
seen that xylol acts like a  rubefacient in the three types of controls, 
while in the sensitized and reinjected rabbits the same agent, applied 
in the same dose and in the same way, behaves like a  vesicant and 
escharotic. 
In an interpretation of these findings the most obvious, indeed the 
only explanation is that an anaphylactic reaction plays a  dominant 
part, since the lesions were observed in sensitized and reinjected rab- 
bits only.  The ear lesions, therefore, may be the direct expression of 
a local anaphylactic reaction, as the working hypothesis postulates, or 
they may be the secondary result of an anaphylactic reaction or re- 
actions taking place elsewhere than in the ears. 
In an analysis of the view that the lesions are the secondary result of anaphy- 
lactic reactions the general reactions which come into consideration are (1)  an 
anaphylactic fall of general blood pressure; (2) local changes in the ear circula- 
tion  due  to  general anaphylactic  reaction; (3) anaphylactic  abnormalities of 
cardiac action; and (4) anaphylactic changes in the blood. 438  LOCAL  AUTOINOCULATION 
Fall of Blood Pressure.~--Though no blood pressure determinations were made 
for obvious reasons, it can be definitely stated that a profound drop did not occur. 
This is demonstrated by the fact that none of the sensitized rabbits showed a 
definite prostration or collapse after the reinjecfion, a  condition which always 
accompanies a  severe lowering of the blood pressure in anaphylactic rabbits.  If 
a fall of blood pressure occurred, it therefore must have been at most a moderate 
drop.  Concerning  the  duration  of  this  hypothetical blood  pressure  fall,  in- 
direct evidence must be sought from experiments in which the reinjected dose 
was given intravenously, for there is no record of blood pressure studies in the 
anaphylactic rabbit when the reinjection is carried out by way of the peritoneal 
cavity, which is the route employed in the experiments reported in this paper. 
Now it may be justly assumed that the blood pressure fall of sensitized rabbits 
is surely not severer or of longer duration in rabbits reinjected peritoneally than 
in similarly sensitized rabbits in which the intoxicating dose is administered intra- 
venously.  I have numerous instances of the latter type from earlier experiments, 
TABLE III. 
Blood Pressure Fall of Sensitized Rabbits Reinjected Intravenously. 
Normal blood  Lowest level after  i Time required for  * Dose of serum. 
pressure,  injection.  Recovery level,  recovery level. 
110 
104 
1!8 
116 
130 
120 
56 
63 
80 
51 
85 
79 
103 
103 
110 
108 
108 
110 
m/n. 
20 
30 
12 
25 
17 
6 
CC. 
I0 
10 
10 
20 
10 
and Table III illustrates the degree of blood pressure fall and the time required 
to regain a  practically normal level.  These rabbits were sensitized by repeated 
(spaced) injections of horse serum at intervals, and were reinjected intravenously 
with 10 cc. of the same serum.  The blood pressure was recorded with a Hfirthle 
membrane manometer.  Many mates of these animals succumbed acutely to the 
same reinjection dose. 
Table III illustrates how promptly, within 6 to 30 minutes, well sensitized rab- 
bits may regain a  practically normal blood pressure level even though the ana- 
phylactic blood pressure drop is severe. 
It must  be remembered that  the xylol was never applied to an ear until at 
least 30 to 45 minutes had elapsed after the intraperitoneal injection of 10 cc. of 
horse serum; in one series (No. 5) 3 hours were allowed to pass.  It may then be 
concluded with ~  fair  degree  of  certainty that  all  the animals had recovered 
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largely if not  entirely from the  anaphylactic fall  of blood pressure  before the 
xylol was applied to the ear.  The anaphylactic fall of blood pressure, therefore, 
may be disregarded as a factor in the production of the ear lesions. 
Local Changes in the Ear Circulation.--A  factor of perhaps greater importance 
than a  fall  in the general blood pressure  is  the degree of circulation which is 
maintained in the xylol-treated ear.  The circulation in the treated ears of the 
sensitized reinjected rabbits might be less efficient  than in the xylol-treated ears 
of controls.  This factor was controlled as far as possible by inspection  at  2½, 
3, and 6 hour intervals after the application of the irritant.  There was no sig- 
nificant change in the vascularity of a  majority of the ears in the sensitized re- 
injected groups which was not also present in a majority of one or both control 
groups at  the same time.  One factor perhaps indicates  that  the circulation in 
the xylol-treated ears of the sensitized reinjected group was not so good as in the 
control ears; viz.,  the fact that  the edema  developed more slowly than in  the 
co.ntrol group.  It is also possible, however, that this delay in the onset of edema 
is the result of blood changes which will be touched upon later.  On the whole, 
however, there is no definite evidence that the circulation is poorer in the sensi- 
tized reinjected group of rabbits after the application of xylol than in the control 
ear. 
Abnormalities of Cardiac Action)--These  are very frequent  in  anaphylactic 
rabbits after intravenous injections but their duration is relatively short.  As a 
rule they last only 7 to 21 minutes after the reinjection.  Consequently, even if 
it is granted  that  the same cardiac changes appear  in sensitized  animals after 
intraperitoneal reinjection, the animals had ample time to recover before the xylol 
test was made (30 to 45 minutes and 3 hours after the serum injection). 
Anaphylactic Changes in the Blood.6--What  effect variations in the coagulability 
of the  blood,  alterations  in  the blood  picture,  and  other  anaphylactic  heroic 
changes have upon the resistance of body cells is not known, and their influence 
in the production of the xylol ear lesions cannot therefore be estimated.  As men- 
tioned before  , these factors may perhaps be the cause of the delayed onset of the 
edema in the sensitized reinjected animals. 
An observation which deserves mention is that the xylol-treated ears of the sen- 
sitized and reinjected group often remained cooler than the non-treated ear of the 
same animal for some hours;  after  this  period  they became warmer  than  the 
non-treated ear.  The treated ears of the control groups, on the other hand, usu- 
ally were warmer than the non-treated ears within 2 hours after the application 
of the xylol.  There was, however, no relation between the incidence of blisters, 
skin destruction,  and gangrene and  this initial~ coolness of the  ear;  the lesions 
s Auer, J., and Robinson, G. C., J. Exp. Med.,  1913 , xviii, 450. 
e Arthus,  M.,  Arch. intemat,  physiol.,  1910,  ix,  157.  ,con  Pirquet,  C.,  and 
Schick, B., Die Serumkrankheit,  Leipsic and Vienna,  1905.  Schlecht, H.,  and 
Schwenker, G., Deutsch. Arch. klin. Med.,  1912,  cviii, 405.  Weinberg, M.,  and 
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occurred and  failed to occur in ears which had been cooler than the untreated 
ears for the first few hours; similarly they appeared or failed to appear also on 
ears which had been warmer than the untreated ear of the same animal.  There 
was apparently, however, a definite relation between the initial coolness of the 
treated ear in the sensitized  reinjected group and the subsequent degree of edema; 
if the ear was initially cool for some time, the edema which developed later (be- 
fore the onset of skin inflammation) was generally slight.  From the facts stated 
above it follows  that the degree  of edema bears no relation to the incidence  of ear 
lesions.  Typical lesions of the treated  ear in the sensitized reinjected groups 
occurred after slight, as well as after marked edema. 
From  this  survey it may be  concluded  that none  of  the  factors 
discussed  offers a  well founded, satisfactory explanation of  the  ear 
lesions; in spite of this, however, it is possible that some, or perhaps 
even all may play a  part in the circle of events which  are necessary 
to produce the end-result. 
We come now to the alternative explanation, that the ear lesions 
are  the expression of a  primary, local,  anaphylactic reaction.  This 
interpretation is  the one upon which the investigation was founded 
and  which was  briefly stated in  the  beginning of this paper.  The 
working hypothesis assumed  that a  sensitized organism, under cer- 
tain  conditions,  could  reinject itself locally with  the  same  antigen 
which  caused  sensitization,  thus  producing  the  state  necessary for 
an anaphylactic reaction in that locality.  The conditions were  (a) 
the presence of the antigen in the circulating juices of the sensitized 
organism, and  (b)  the local accumulation of this antigen in a  tissue 
showing some degree of inflammation. 
These  conditions were  met  experimentally by employing rabbits 
sensitized with horse serum, and, after an incubation period, reinject- 
ing them intraperitoneally with a  readily tolerated dose of the same 
serum.  After a  time the blood and lymph would necessarily contain 
some of the horse serum due to absorption from the injection depot. 
The local accumulation of the antigen in an inflamed area (condition 
b) was brought about by the application of amild skin irritant, xyiol, 
upon  the ears  of the rabbits.  As  this irritant causes inflammation 
and edema of the ear tissues, it is obvious that the edema fluid would 
contain more or less of the horse serum, for the material composing 
the edema must necessarily come from the blood and lymph capil- 
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been increased by the inflammatory process.  A reaction between the 
sensitized inflamed tissue cells and the antigen could now take place 
even though the concentration of the horse serum were not greater 
in the inflamed and edematous area than in the lymph spaces of non- 
inflamed tissues of the same animal.  The reason is that in the in- 
flamed tissues the metabolism of the cells is greatly increased, and we 
may therefore justly assume that a larger amount of antigen-bearing 
material  affects the  inflamed sensitized  cell  per  unit  of  time  than 
affects the non-inflamed cell in the same interval.  Thus the stimulus 
of a  certain concentration of horse serum which is subliminal for a 
non-inflamed sensitized cell, may rise above the threshold value when 
an inflamed sensitized tissue is concerned, and an anaphylactic reac- 
tion occurs. 
On  the  basis  of  this  interplay  of  known  conditions,  the  lesions 
observed in the sensitized and reinjected rabbits are easily explained 
as the expression of a primary, local, anaphylactic reaction in the skin 
and subcutaneous tissues of the xylol-treated ears. 
Since the explanation and working hypothesis demand the inter- 
action of antigen and sensitized cells of the skin, the phenomenon of 
Arthus  * suggests itself at once as a  well known example of this type 
of reaction, and I  believe that the ear lesions described above are a 
variation of Arthus' phenomenon.  There are, however, fundamental 
differences between the procedure resulting in  the  Arthus  reaction 
and that causing the ear lesions described in this paper. 
The Arthus reaction is  a  skin reaction only,  and  results when a 
repeatedly injected  rabbit  receives  a  final  dose  of  antigen  subcu- 
taneously, the site of the last  injection then developing the lesion, 
the severity of which depends upon the degree of sensitization.  In 
the procedure described in this paper the sensitized animal reinjects 
itself where there are inflammation and edema, provided that some of 
the antigen is circulating, the amount circulating being so dilute that 
it  is  ineffective under  ordinary  conditions.  Another  fundamental 
Arthus, M., Arch. internat, physiol., 1908-09, vii, 471.  In this article the three 
notes originally published in the Compt. rend. Soc. biol., 1903 and 1906 (Arthus, 
M., Compt. rend. Soc. biol., 1903, Iv, 817; Arthus, M., and Breton, iVI., Compt. rend. 
Soc. biol., 1903, lv, 1478; Arthus, M., Compt. rend. Soc. biol., 1906, lx, 1143), are 
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difference is  that  the  site of reaction,  according  to  this  conception, 
is not  always the  skin,  as in Arthus'  phenomenon,  but may be any 
tissue capable of exhibiting an anaphylactic reaction.  The  reaction~ 
therefore, may take place in the skin, the bronchial muscles, the gastro- 
intestinal  canal,  the  heart,  the  pulmonary  artery,  and  the  nerves, 
which  are  structures  in  which  anaphylactic  reactions  have  been 
described. 
That the skin was chosen in the present research was a mere matter of conven- 
ience.  It was selected because the changes could be directly  observed at any 
time, thus avoiding the complication and difficulties due to indirect observation 
which always demands instrumental  aid.  As a matter of fact, preliminary series 
of experiments had been made on the kidney and on the intestine to test the work- 
ing hypothesis, but they were abandoned because for the time being it was im- 
possible to carry out the necessary routine work in series of animals sufficiently 
large to warrant  the trial. 
It is possible that this process of autoinoculation will aid in explain- 
ing the causation of a  number of more or less temporary functional 
derangements  of obscure origin in the human  subject.  In my opin- 
ion it is quite probable that sensitization  to one or several alien pro- 
teins exists much more frequently in man than is suspected, the  un- 
denatured protein gaining  access to the circulating  juices by way of 
a  permeable  gastrointestinal  mucosa  or  the  nasal  and  pharyngeal 
mucous membranes by inhalation;  the uncritical use of sera and vac- 
cines at  the  present  time  also undoubtedly  adds  to  the number  of 
those sensitized unnecessarily.  Severe intoxication  of the  sensitized 
individual,  however,  occurs  but  rarely  since  the  amount  of foreign 
protein  necessary to cause obvious general  symptoms on reinjection 
exceeds hundreds  and  thousands  of  times  the  amount  which  sensi- 
tizes.  It is in such individuals that the mechanism  described in this 
paper may come into action and produce a  large variety of effects. 
It is fully realized  that  the working hypothesis here developed at 
some length is not absolutely proved  by the experimental  data  and 
that  much more  work is  necessary  to  establish  it  definitely.  It  is 
believed, however,  that  the  experimental  results  support  the  con- 
ception and  that  this view renders  some functional  abnormalities  in 
the human  subject more  accessible to  our understanding. jom~ Alml~  443 
SUMMARY. 
The skin irritant, xylol, when applied to the ears of sensitized and 
reinjected rabbits often causes a severe inflammation with the forma- 
tion of crusts and destruction of tissue.  Dry gangrene of the entire 
ear tip may result  (Figs.  1,  2,  and 3). 
The same agent, applied in the same dosage and in the same way, 
to the ears of  (1)  normal rabbits,  (2)  normal rabbits  injected once 
with horse serum (serum controls), or (3) sensitized but not reinjected 
rabbits,  causes only a  mild inflammation with more or less edema. 
The  inflammation and  edema disappear  in  2  or  3  days,  leaving a 
practically normal ear. 
The ear lesions of the sensitized reinjected rabbits which develop 
after the application of xylol are interpreted as a  primary anaphy- 
lactic reaction.  This primary anaphylactic reaction is considered the 
result of a  local  autoinoculation of the ear tissues  with  circulating 
antigen.  The local autoinoculation is brought about by the irritant 
action of the xylol which causes an inflammation and edema of the 
site of application.  An anaphylactic reaction may now occur because 
the inflamed tissues are more active metabolically than normal tissues 
and  therefore the inflamed cells  are  affected by more  antigen per 
unit of time than the normal cells.  A  subliminal concentration of 
antigen for non-inflamed, sensitized cells may thus become effective 
when inflamed sensitized cells are  concerned. 
This process may theoretically occur in any tissue of a  sensitized 
animal which  can  show  an  anaphylactic reaction,  for  example the 
intestines, lungs, heart, skin, nerves, arteries, etc.  It is possible that 
this  interplay  of  conditions ~nay  explain  a  number  of  functional 
abnormalities in the human subject. 444  LOCAL AUTOINOCULATION 
EXPLANATION OF PLATES. 
The three figures were  made from  a  rabbit of  Series  3.  Sensitization, rein- 
jection, and application of 1 cc. of commercial xylol to the left ear were carried 
out as described in the text. 
PLATE 45. 
FIG. I. 12 days after  the application  of xylol;  internal  surface. The figure 
shows well  the curling  of the ear tip,  which was dry and hard, the occurrence of 
hemorrhages near the gangrenous part,  and the appearance of discrete  blisters. 
FIG. 2. 20 days after  the application  of xylol;  dorsal  surface. The dry,  gan- 
grenous tip has been removed, leaving a thickened, nodular, irregular,  bluish 
border.  Some of  the crusts  on  the dorsal  surface  have also  been  removed to  show 
the extensive  destruction  of the skin. 
The dorsal  surface  of the right ear shows a central  area where a moderate 
dermatitis  with crust  formation took place;  this  was due to contact of the right 
ear with the left  shortly  after  application  of xy101  to the latter. The same effect 
was observed repeatedly in the sensitized  reinjected  groups, but not among the 
controls. 
PLATE 46. 
FIG. 3. 30 days after  the application  of xylol;  dorsal surface. The ear has 
healed practically  completely; note the thickened borders.  The ear is largely 
bald but near the root some white hair  is  beginning to appear.  This white hair 
gradually covered the ear stump and has remained white now for 5 months. 
The right  ear patch has also  healed completely and shows a few white hairs. 
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